Yeast phosphoglycerate mutase (EC 2.7.5.3) is a tetramer of mo1.W. 110700 (Sasaki et al., 1970) which catalyses the interconversion of 2-and 3-phosphoglycerate. The reaction requires the presence of 2,3-diphosphoglycerate which acts as a primer rather than a true cofactor, since it does not participate in every catalytic cycle of the enzyme (Grisolia & Cleland, 1968) . Rose et al. (1975) have isolated a reaction intermediate containing a phosphorylated histidine residue, and Britton and his co-workers (Britton &Clarke, 1972; Brittonet al., 1972) haveshown that thereactionoccursviaaPingPongtype mechanism with the phosphate on the enzyme exchanging for the sugar phosphate.
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The yeast enzyme crystallizes from (NH4)zSok in the space group C2 with the asymmetric unit containing two subunits related by a non-crystallographic dyad. The structure determination reported by Campbell et al. (1974) has now been extended from 0.35 to 0.28nm(3.5-2.8& resolution. The position and order of the secondary structural elements deduced from the higher-resolution map are the same as those already reported. Greater structural detail in the new map in the regions joining these structural elements has indicated that the polypeptide chain has 20 residues more than was built into the original model.
CNBr cleavage of the peptide chain yields two fragments, one of approx. 190 residues (071) and theother of60residues (CN2). Partial trypticand chymotrypticsequencedata for the N-terminal fragment (CN1) have been published (Fothergill & Hodgson, 1976) . Additional sequence information on both CNBr fragments is given in Fig. 1 . The position of the active site of the enzyme has been established from X-raycrystallographic studies of the binding of one of the substrates, 3-phosphoglycerate, and an inhibitor, trinitrobenzenesulphonate, which reacts specifically with a lysine residue (Sasaki et al., 1971) . Both these compounds bind close to the C-terminal end of the central 8-sheet (for structural details, see Campbell et al., 1974) . These strands of &sheet correspond to the N-terminal regions of the two CNBr fragments. Correlation of the available sequence data with the electron-density map by using an optical comparator (Richards, 1968) and Kendrew-model components shows that twQ histidine residues, Vol. 5 Sle-Ala-P.la-His-Gly-Asn-Ser-Leu-Arg-Gly-Leu-Val-LYs-His-Leu
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Fig. 1. N-Terminal sequences of fragments CN1 and CN2
Reaction of the mutase with dansyl chloride gave dansylproline. Peptide nomenclature is as defined by Fothergill .& Hodgson (1976), e.g. upper-case letters indicate that the peptide was derived from digestion by chymotrypsin (C) and trypsin (T). Residues were identified by dansyl-Edman degradation, or when using the sequencer, by amino acid analysis after hydrolysis at each stage (7). Under the conditions used, serine and tryptophan were destroyed during hydrolysis and so gave a blank result.
one from each CNBr fragment, extend towards the substrate site. These two imidazole groups are parallel to each other and separated by the guanidinium group of an arginine residue as shown in Fig. 2 . The first histidine residue (histidine-8) is associated with a strong non-protein peak in the electron-density map of the native enzyme. Since sulphate has been shown to inhibit this enzyme (Grisolia & Cleland, 1968) , we have interpreted this peak as a S042-ion. X-ray-diffraction studies with crystals soaked in 3-phosphoglycerate suggest that this ion is replaced by the phosphate group attached to the sugar substrate. Pizer & Ballou (1959) have shown that phosphoglycerate mutase has a requirement for a negatively charged group associated with the C-1 position of a substrate analogue. We find that a side chain (residue-59) which interacts with trinitrobenzenesulphonate, extends towards the carboxyl group of a substrate bound to the enzyme. Presumably the formation of a salt bridge helps orient the substrate during catalysis. The substrate's C-2 hydroxy group lies close to histidine-1 84 (numbering based on the X-ray structure in the absence of complete sequence data) and is suitably positioned to attack a phosphate group bonded to one of the imidazole nitrogen atoms.
Crystals of phosphoglycerate mutase shatter when soaked in solutions of the reaction primer, Suggesting that the molecule undergoes a conformational change on phosphoryl- ation. Although we have been forced to study the structure of the inactive dephosphoenzyme, it would appear from the available evidence that either histidine-8 or -184 is phosphorylated by the priming reaction and that phosphoryl transfer occurs to allow reaction with either the 2-or 3-phosphoglycerate substrate. Britton et al. (1972) estimate that the rate for such an isomerization of the phosphoenzyme must be in excess of 106s-'. This high rate is compatible with the proximity of the two histidine residues found in the active centre of this enzyme.
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